Summary. In intact guinea-pigs the concentration of progesterone in luteal tissue rose and fell in a pattern similar to that of the volume of the corpus luteum, which in pregnancy grew to nearly twice the average size attained in the normal cycle. The concentration of progesterone in arterial plasma remained low throughout the normal cycle, but in pregnancy it increased at least ten-fold.
INTRODUCTION
The experiments described in this paper were designed to gain some further information about luteal activity in the guinea-pig, with special emphasis on the synthesis and secretion of progesterone by the corpus luteum. The con¬ centration of progesterone in circulating plasma and in the corpus luteum was estimated during different phases of the reproductive cycle, after hysterectomy and after hypophysectomy. The work is an extension of previous studies on the growth and regression of the corpus luteum in the normal cycle and in pregnancy (Rowlands, 1956) , after hysterectomy (Rowlands, 1962) and after hypophysectomy (Perry & Rowlands, 1962) . In the oestrous cycle, which lasts about 16 days, the corpus luteum grows to a volume of 2 mm3 by the 9th to 11th day after ovulation and then regresses. During pregnancy it grows until about the 20th day to a maximum volume of about 3 mm3 and maintains its size until after parturition, which occurs 65 to 70 days after ovulation. When hysterectomy is performed before the 11th day after ovulation the corpus luteum persists for at least 50 days after the operation (see Loeb, 1932, who gives other references) and its growth and progesterone content are similar to those in pregnancy (Rowlands & Short, 1959) . After hypophysectomy early in the normal cycle the corpus luteum persists (Dempsey, 1937; Rosenbusch-Weihs & Ponse, 1957) and preliminary findings concerning its subse¬ quent growth and progesterone content have been reported (Perry & Rowlands, 1962;  Heap, Perry & Rowlands, 1965) .
MATERIALS AND METHODS

Animals
The animals used were albino guinea-pigs of the M.R.C, strain. They were sexually mature, mainly nulliparous females (400 to 750 g) maintained on a diet of SGI, green food and hay. The occurrence of regular oestrous cycles was checked before an experiment by daily observation for vaginal opening; the oestrous cycle, or pregnancy, was dated from the day after the vagina was fully open or the day a vaginal plug was found (Day 0).
Surgical procedures
Anaesthesia was induced with tribromoethanol ('Avertin', Winthrop Laboratories, New York, i.p., 2-5% in 0-9% NaCl) and maintained by ether. Ovariectomy was performed by a double flank incision, hysterectomy by laparotomy in the ventral mid-line, and hypophysectomy by the parapharyngeal route (see Rowlands, 1962) . Hypophysectomized animals survived well if kept at a temperature above 70°F and given a daily injection of cortisone acetate (25 mg/day) for 3 days after the operation. The 
Histology
The ovaries were cut in 5 µ sections and every tenth section was mounted and stained in haematoxylin and eosin. The volume of each corpus luteum was measured by the method previously described by Rowlands (1961) and the results expressed as the mean of three diameters {d3) multiplied by 0-524 ( /6). The vagina and uterine horns of some of the animals were cut and stained in the same way.
Progesterone assay
Progesterone was measured by a highly sensitive fluorescence assay (Heap, 1964; Heap & Linzell, 1966) . Plasma and luteal tissue were extracted by the methods of Short (1958) and Rowlands & Short (1959) , respectively. A tracer amount of 4-14C-progesterone (about 1 m/ic) was added to each sample to check losses incurred in the procedure. Recovery ranged from 40 to 60% and each result was corrected for 100% recovery.
RESULTS
INTACT NON-PREGNANT GUINEA-PIGS
Luteal progesterone
The progesterone concentration and content of the corpora lutea in virgin and in lactating guinea-pigs are shown in Table 1 . There was relatively little variation within or between animals in the weight or the progesterone con¬ centration of the corpora lutea during the first half of the oestrous cycle. Variation in these respects during the period of regression in the second half of the cycle was shown to be considerable. To examine this feature more closely, the corpora lutea collected on the 15th day were divided into two groups for assay, according to whether they weighed less or more than 1 mg. It may be calculated that whereas decrease in weight between the 9th and 15th days was 50 to 75%, progesterone concentration decreased by at least 85% and the content by at least 95%, the corpora lutea which had regressed further in size containing relatively less progesterone. 540 R. B. Heap et al. In lactating animals 12 to 13 days post partum, two sets of corpora lutea were distinguishable both histologically and in size ; one set remaining from the pre¬ ceding pregnancy and the other set being derived from the ovulation which occurs within a few hours after parturition in the guinea-pig. The progesterone concentration in the two sets was low and similar, but their content differed by a factor of four due to the much larger size of the corpora lutea formed at the post-partum ovulation, which in fact were larger than those of the normal cycle. fig. 1 shows the absolute and relative weight (mg/100 g body-weight) of fixed ovaries and uteri of animals hypophysectomized between the 2nd and 11th day after ovulation. The absolute weight of these organs declined rapidly after the operation; the relative weight of the ovary stabilized after about the 15th day after hypophysectomy but that of the uterus declined throughout the experimental period of about 3 weeks. Adrenal and thyroid weight fell approximately in proportion to the decline in body-weight.
The abrupt fall in ovarian weight in animals hypophysectomized at midcycle was related to the sudden disappearance of vesicular follicles; when the operation was performed earlier, before the post-ovulatory growth of follicles, the fall in ovarian weight was less marked. About 5 weeks after hypophysectomy the relative ovarian weight had fallen from about 12 to about 8 mg/100 g body-weight. In immature guinea-pigs the corresponding fall was from about 20 to about 6 mg/100 g body-weight (Perry & Rowlands, 1963) . This difference may be related to the persistence of corpora lutea in the ovaries of the present series.
Number of corpora lutea Table 5 shows that the number of corpora lutea surviving after hypo¬ physectomy declined steadily. A significant reduction had already occurred within a few days of the operation, and by 5 weeks afterwards only about onehalf remained. In the normal cycle (Table 5 ), up to 80 days after hysterectomy (Rowlands, 1962) , and in pregnancy (Rowlands, 1956) , the number of corpora lutea remained constant.
Volume of corpora lutea of the cycle in the intact guinea-pig. Neither the time at which luteal regression sets in nor the rate at which it occurs have been determined, but the retention of corpora lutea, albeit considerably regressed, in animals killed 68 days or more after hypophysectomy, shows that the normal process of luteolysis had been greatly retarded. In another group of thirteen guinea-pigs, hypophysecto¬ mized on the 4th to 8th days after ovulation, no significant changes occurred in the mean size of the corpora lutea during post-operative periods of up to 30 days. Luteal regression was observed, however, in the third group of animals (see Table 6 ) in which this operation was performed on the 9th to 11th days after ovulation, i.e. when maximum development of the corpus luteum had already occurred, but even so the rate of regression was slower than in intact animals.
Ovarian histology after hypophysectomy
The morphological and histological effects of hypophysectomy on the follicular apparatus in immature guinea-pigs and in adults previously hysterec¬ tomized have already been described by Perry & Rowlands (1963) and by Rowlands (1962) respectively. In the intact guinea-pig the vesicular follicles that remain after ovulation undergo rapid atresia, and it is not until about 5 days later that a new crop appears. After hypophysectomy in the mature guinea-pig it was found that follicular regression was well advanced by the 3rd day after the operation, and any follicles that developed later became atretic soon after the appearance of the antrum and were later resorbed into the ovarian stroma. In some instances the degeneration of larger follicles was associated with the formation of fluid-filled cysts lined by a single layer of cubical epithelium. The absence of normal vesicular follicles was, therefore, a useful criterion of the completeness of the operation.
The morphology of the corpus luteum during the growth which occurred after hypophysectomy performed before the 8th day was indistinguishable from that of the corpus luteum in the normal cycle. 
Luteal progesterone
The progesterone concentration of the luteal tissue and the progesterone content of a corpus luteum of average size were both considerably higher after Table 7 progesterone levels in luteal tissue in non-pregnant guinea-pigs hypophysectomized 2 days after ovulation Table 7 with Table 1 ). The high concentration in the luteal tissue of guinea-pigs hypophysectomized on the 2nd day of the cycle was very similar to that found in pregnancy and it remained at this high value from as early as 5 days after the operation to at least 14 days later. Since the rate of growth of the corpus luteum declined after the pituitary was removed, the progesterone content was only about one-half that found in pregnancy, when the gland was much larger. The low level of progesterone in ovarian residue confirmed the clean separation of luteal and stromal tissue. (Heap & Deanesly, 1966) . When normal or regressing conceptuses were present in the uterus at the time of autopsy, the corpora lutea were comparable in size and in histological appearance to those of intact animals at corresponding times in pregnancy. Arterial progesterone levels, however, were only comparable with those of intact pregnant females (60 to 289 ng/ml plasma) when normal conceptuses were present. Normal corpora lutea were also found in animals that contained only regressing embryos but the plasma progesterone values were low (0 to 21 ng/ml plasma). An apparent exception with respect to the size of the corpora lutea was No. 10; the value given represents an average volume of three corpora lutea, one of normal size (2-14 mm3) and two which were smaller and abnormal in histological appearance.
Plasma progesterone
The data provide no evidence for a decline in the number of corpora lutea after hypophysectomy in pregnant animals (cf. Table 5 ) but they show that embryonic survival is affected. In twenty-one guinea-pigs of the same stock mated at the post-partum oestrus the average number of corpora lutea during the first 4 weeks of pregnancy was 5-6 and the average number of foetuses 4-2 of which 0-2 were regressing. In animals hypophysectomized on the 2nd or 3rd day after ovulation and killed after the time of implantation (Nos. 6 to 25) the corresponding figures were 4-5, 3-0 and 0-7 respectively. Table 10 the effect of hypophysectomy and hysterectomy on the volume of the corpus luteum and on arterial progesterone levels in eleven non-pregnant guinea-pigs
THE EFFECT OF HYSTERECTOMY IN HYPOPHYSECTOMIZED GUINEA-PIGS
No.
(HTG) Rubin, Deane, Hamilton & Driks (1963) . The presence of this enzyme in luteal tissue is associated with the biosynthesis of progesterone from its precursor 3/?-hydroxypregn-5-en-20-one (pregnenolone). As in intact females, the enzyme was always present in the luteal tissue of hypophysectomized and of hysterectomized guinea-pigs. Sections stained with oil red O showed a fine dispersion of lipid droplets throughout the cells of the corpus luteum, comparable with the normal corpus luteum before the onset of regression, when the lipid droplets coalesce into large, brightly staining globules.
DISCUSSION
Luteal and arterial levels ofprogesterone Arterial levels of progesterone were found to be low in guinea-pigs during the normal cycle, after hypophysectomy and after hysterectomy, and in the first 2 weeks of pregnancy. Within the limits of the method employed, a specific and highly sensitive fluorescence assay, these levels were indistinguishable from 550 R. B. Heap et al. those in ovariectomized animals. Luteal tissue assayed by a similar procedure always contained significant, and in some instances large, amounts of pro¬ gesterone, with the exception of the corpus luteum in lactation, 12 to 13 days after the post-partum ovulation. The high arterial concentrations of pro¬ gesterone in pregnancy in guinea-pigs were similar to those found in the coypu, another hystricomorph (Rowlands & Heap, 1966) and not unlike those reported in man (Zander, 1955 ; see reviews by Short, 1961, and Fotherby, 1964 , for other references). Much lower levels have been found in pregnancy in other animals including ewe, sow, cow, mare (see Short, 1961) and goat (Heap & Linzell, 1965 in which the levels are more comparable with those in the oestrous cycle. In the last named species the same fluorescence assay procedure was used as in the present experiments, and significant changes in the arterial progesterone concentrations were recorded during the oestrous cycle. In the guinea-pig, however, no such cyclical changes could be demonstrated. This fact may be related to the measurable amount of progesterone found in this species after ovariectomy. It is possible that this progesterone is of adrenal origin and that its secretion, stimulated by operative stress, masked the small amounts normally present in the oestrous cycle. In the goat it was possible to collect blood for assay from conscious trained animals not subjected to stress at the time of sampling. In this species and in the pig and dog it has been found that the conditions of operative stress may produce a significant rise in the adrenal secretion of progesterone (Heap & Linzell, 1966; Heap, Holzbauer & Newport, 1966) .
The luteal levels of progesterone in the guinea-pig during the normal cycle, after hysterectomy and in pregnancy were comparable with those previously reported by Rowlands & Short (1959) and Rowlands (1962) and in general were similar to those found in other species.
It will be noted in the present results that a two-to three-fold rise in luteal progesterone level between the 2nd and 4th week of pregnancy was accom¬ panied by an increase in arterial concentration of at least ten-fold, whereas in the non-pregnant guinea-pig after hypophysectomy or hysterectomy there was a roughly comparable rise in luteal level without any change in the arterial level. This rise in arterial level in pregnancy occurs at a time when the placental progesterone contribution is small and usually inadequate to maintain preg¬ nancy after ovariectomy (see Heap & Deanesly, 1966, who give other references).
The very low arterial level found during the first 2 weeks after ovulation is evidently adequate for the normal process of implantation on the 7th day post coitum (p.c.), for the demonstration of a decidual reaction which was first shown in this species (Loeb, 1907) , and for the delay in ovulation and vaginal opening until about the 16th day after ovulation in the non-pregnant animal. Deanesly (1960) showed that a single injection of only 0-5 mg progesterone allowed implantation to occur in guinea-pigs ovariectomized 2 days p.c. and that implantation occurred at the normal time in animals ovariectomized 3 to 7 days p.c. It has now been found that in ovariectomized, non-pregnant guinea-pigs absorbing up to 1-0 mg/day from subcutaneously implanted tablets of progesterone, the arterial concentration of progesterone is comparable with that in the normal cycle (Deanesly & Heap, in preparation) .
These data suggest, therefore, that in the guinea-pig very low levels of circulating progesterone, and very small changes in these levels, are associated with significant events in the control of the ovarian cycle. This is in accord with the observation (Rowlands, 1962) (Rowlands, 1962) and in hypophysecto¬ mized females after hysterectomy (Table 10 ). The results suggest that pituitary gonadotrophin plays some part in the maintenance of luteal growth in the normal cycle since the number of corpora lutea is decreased and luteal growth is retarded, though not abolished, if hypophysectomy is performed early in the cycle. The increase in size of the corpus luteum after hypophysectomy in unmated guinea-pigs indicates either that the corpus luteum has an inherent capacity to grow which is normally accelerated by a pituitary factor, or that it is still influenced by residual amounts of gonadotrophin.
In the pregnant guinea-pig luteal growth is prolonged either as a result of a positive stimulus from the implantation site or by the elimination of a uterine factor which otherwise inhibits it. The fact that this occurs in the hypophysecto¬ mized animal shows that, in either case, the effect is independent of the pituitary gland. If this effect is due to the suppression of a uterine factor it might be expected that hysterectomy of the hypophysectomized animal would have a similar effect on luteal growth. The data shown in Table 10 afford some indication that this may be so in some animals. Thus, of the six animals with corpora lutea after hypophysectomy on the 2nd day after ovulation, those of three were greater than the 95% fiducial limits given in Table 8 for the volume of corpora lutea after hypophysectomy alone. Deanesly's (1960) (Heap & Deanesly, 1966 ). This interpretation is also supported by the finding that progesterone concentration was very low in the ovarian vein of nonpregnant guinea-pigs (Neill, Day & Duncan, 1963) . Experiments are in progress with ovariectomized guinea-pigs absorbing progesterone from subcutaneously implanted tablets. It is probable that marked difference in plasma progesterone levels between pregnant and non-pregnant animals, observed in these experi¬ ments, is due not only to changes in ovarian secretion rate of progesterone but also to an alteration in the utilization of the hormone in pregnancy.
In the guinea-pig, the growth of the corpus luteum and the luteal synthesis of progesterone appear to depend on a stimulus at the time of ovulation rather than on a continuing secretion of gonadotrophin (Perry & Rowlands, 1962) . The continuing growth of the corpus luteum after the 10th day of pregnancy appears to be related to implantation, which has a similar effect to that of hysterectomy, and the increase in circulating progesterone levels is perhaps associated with the establishment of the allantochorionic placenta.
